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The chemical profile of the essential oils in ten populations of the genusHelichrysumMill. (Asteraceae), collected in the loci
classici of the nomenclatural types of the taxa endemic to Sicily, were analyzed. Our results confirm that the analysis of secondary
metabolites can be used to fingerprint wild populations ofHelichrysum, the chemical profiles being coherent with the systematic
arrangement of the investigated populations in three main clusters, referring to the aggregates of H. stoechas, H. rupestre, and
&H. lineatum&, all belonging to the section Stoechadina. The correct nomenclatural designation of the investigated populations
is discussed and the following two new combinations are proposed: Helichrysum preslianum subsp. compactum (GUSS.) Mag-
gio, Bruno, Guarino, Senatore & Ilardi and Helichrysum panormitanum subsp. latifolium Maggio, Bruno, Guarino, Sen-
atore & Ilardi.
Introduction. – The genus Helichrysum MILL. (Aster-
aceae, Gnaphalieae) consists of 500 to 600 species, mainly
distributed in the Southern Hemisphere and particularly in
South Africa and Australia [1]. According to Greuter [2],
the genus is represented in the Mediterranean region by 65
taxa, 58 of which are distinguished at a specific rank. About
30 taxa are restricted to the East-Mediterranean basin, and
over 20 are found in the central and westernMediterranean
area, with Sicily hosting a relevant share of this biological
wealth.
The number of taxa and the taxonomic rank of
Helichrysum populations is still widely debated, due to
the high morphological variability and to the fragmentary
distribution, so that many different interpretations and
nomenclatural proposals are available in the literature. In
such sense, Sicily offers a particularly interesting study case,
since the Helichrysum populations occurring there can be
well-defined on the basis of ecological requirements and
geographical distribution, but their taxonomic treatment
turns out to be very heterogeneous: some authors recog-
nize a few species complexes (compl.) or aggregates
(aggr.), further subdivided into different varieties or
subspecies [2 – 5]; according to others, most of these
entities deserve the rank of good species [6 – 8] while, on
the other hand, Galbany-Casals et al. [1] sustain the
occurrence of only two species on the Island, with no
further distinctions within them.
To disentangle such a critical taxonomic issue, impor-
tant additional information can be obtained through the
application of techniques andmethods other than the mere,
albeit accurate, comparison of micro- and macromorpho-
logical structures.
For this purpose, it was decided to collect a represen-
tative number of specimens from the Helichrysum popu-
lations found in the loci classici of the nomenclatural types
of Sicilian taxa, to check any eventual correlation between
the taxonomic treatment and the chemical profile of
secondary metabolites, well known as a useful comple-
mentary tool to characterize individual species or popula-
tions [9].
Results and Discussion. – Characterization of the
Essential Oil of Helichrysum Taxa. Hydrodistillation of
flowers (F) and leaves (L) of the investigatedHelichrysum
taxa afforded pale yellow oils. The investigated species, the
collection sites, and the oil yields are reported in Table 1,
whereas the identified components are listed in Table 2,
according to their elution order on a HP-5ms column. The
essential-oil compounds were classified into eight classes
on the basis of their chemical structures.
Statistical Analysis of the Essential-Oil Composition of
Helichrysum Taxa. Principal component analysis (PCA)
was performed using PRIMER with two principal compo-
nent (PC) variables. As evidenced in Fig. 1, taking into
account the chemical classes of the metabolites, e.g.,
sesquiterpene hydrocarbons (S), oxygenated sesquiterpenes
(SO), monoterpene hydrocarbons (M), oxygenated mono-
terpenes (MO), etc., it was possible to point out that in all
cases, the flowers and leaves of the same species were found
in the same cluster, except for H. panormitanum subsp.
stramineum (pas). In fact, for this taxon, sesquiterpene
hydrocarbons dominated the flower oil, whereas the leaf oil
contained mainly oxygenated sesquiterpenes. For this rea-
son, this taxon was not considered in further discussions.
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As shown in the loading graph (Fig. 2), the variables
that affected PC1 and PC2 were the monoterpene hydro-
carbons (M), oxygenated sesquiterpenes (SO), and non-
terpene hydrocarbons (H). In fact, in the oils of all species,
oxygenated monoterpenes (MO) were absent or their
content was very low. The PC1 represented mainly the
hydrocarbons and to a lesser extent the monoterpene
hydrocarbons and the oxygenated sesquiterpenes, while the
PC2 represented mainly the monoterpene hydrocarbons
and the oxygenated sesquiterpenes.
Additional PCAs of the flower and leaf oils (Figs. 3 and
4, resp.) were carried out considering the significant
variables and, for completeness, the sesquiterpene hydro-
carbons and oxygenated monoterpenes. The graphs show
different scores for H. panormitanum subsp. latifolium
(pal) with respect to the other species, both for the
composition of the flower and leaf oils.
With regard to the composition of the essential oils, we
can distinguish species in which the hydrocarbon compo-
nent (H) was predominant (>60%), compared to oxy-
genated compounds. Among these species, onlyH. litoreum
(lit) and H. hybleum (hyb) showed relevant contents in M
(almost exclusively a-pinene), compared to the S contents,
while the H were present only in small amounts (< 5%). In
all other species of this group, M were present in small
amounts (<10%), with S and H being the main classes. The
H. litoreum (lit) oil was distinguished from that of H.
hybleum (hyb) by the presence of SO, almost absent in the
latter one.
H. panormitanum subsp. messeriae (pam), H. panor-
mitanum typicum (pat) and H. nebrodense (neb) have a
similar profile, quite distinct from the other ones. Their
essential-oil composition is peculiar for the prevalence of S.
Another group of species (prt, prc, and its) showed high
oil contents (20 – 54%) of oxygenated compounds with a
sesquiterpene skeleton (SO). The oils of samples prt and
prc showed a very similar composition both for the quality
and quantity of the metabolites present. These two species
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Table 1. InvestigatedHelichrysum Taxa and Their Collection Sites (locus classicus, coordinates, and altitude) and Oil Yields. Taxa 1 and 2 belong to
the taxonomic aggregate ofH. stoechas (L.)Moench, 3 – 7 to that ofH. rupestreDC., and 8 – 10 to that of&H. italicum (Roth.)G.Don&. Within
each aggregate, the species are ordered according to the affinities revealed by the biochemical analysis performed in this study.
Entry Name Code Locus classicus Coordinates
(altitude [m.a.s.l.])
Plant part Plant fresh
weight [g]
Oil weight
[mg]
Oil yield
[% (w/w)]
1 H. preslianum
C.Brullo & Brullo -
typicum
prt Mounts of Palermo,
Casaboli, near San
Martino delle Scale
38804’31.60’’ N,
13814’20.48’’ E (860)
Flowers
Leaves
144.857
101.209
17.110
7.600
0.012
0.008
2 H. preslianum C.Brullo
& Brullo subsp. compactum
(Guss.) comb. stat. nov.
prc Coast of Mazara
del Vallo, near
Torretta Granitola
37834’34.68’’ N,
12839’08.96’’ E (10)
Flowers
Leaves
131.935
102.775
9.210
3.590
0.007
0.003
3 H. panormitanum
Tineo ex Guss. - typicum
pat Limestone slopes
at “Scala di Maseddu”,
Villagrazia district,
Palermo
38804’09.86’’ N,
13821’14.27’’ E (465)
Flowers
Leaves
135.891
124.632
14.060
9.510
0.010
0.008
4 H. panormitanumTineo ex
Guss. subsp. stramineum
(Guss. ) C.Brullo & Brullo
pas Coast of Sferracavallo,
along the northern
cliffs of Mt. Gallo
38812’43.21’’ N,
13817’25.19’’ E (5)
Flowers
Leaves
125.915
105.313
13.570
19.630
0.011
0.019
5 H. panormitanumTineo ex
Guss. subsp. messeriae
(Pignatti) C.Brullo & Brullo
pam Marettimo (Egadi
Islands), at Marino
Bay
37857’08.21’’ N,
12804’53.31’’ E (10)
Flowers
Leaves
161.668
122.508
18.000
22.900
0.011
0.019
6 H. panormitanum
Tineo ex Guss. subsp.
latifolium (Guss. ) comb. nov.
pal Santa Flavia, along
the northern cliffs
of Cape Zafferano
38806’34.05’’ N,
13832’20.71’’ E (20)
Flowers
Leaves
117.116
106.138
16.150
8.810
0.014
0.008
7 H. nebrodense Heldr. neb Eastern slopes of
Mt. Pizzo Dipilo,
near Isnello
37856’27.15’’ N,
14800’04.84’’ E (580)
Flowers
Leaves
153.771
101.966
16.550
3.580
0.011
0.004
8 H. litoreum Guss. lit Vulcano Island
(Aeolian Archipelago),
at Porto di Ponente
38825’08.13’’ N,
14857’03.15’’ E (25)
Flowers
Leaves
131.450
152.877
27.180
51.010
0.021
0.033
9 H. hyblaeum Brullo hyb Along the valley of
the River Irminio, next
to the highway
Ragusa-Modica
36851’55.82’’ N,
14843’13.15’’ E (330)
Flowers
Leaves
121.231
100.661
100.250
13.550
0.083
0.013
10 H. italicum (Roth) G.Don
subsp. siculum (Jord. & Fourr.)
Galbany, L.Sez & Bened
its Shores of Tindari 38808’27.76’’ N,
15803’10.70’’ E (2)
Flower
Leaves
102.571
107.414
141.460
474.530
0.138
0.442
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were also similar to the oil of H. italicum subsp. siculum
(its), although for this oil, the SO outweighed the S.
In the oils of all species, there was a clear prevalence of
(E)-b-caryophyllene. This component was present in high-
er amounts in the flower oils rather than in the leaf oils,
except for H. preslianum (prt) and H. preslianum subsp.
compactum (prc), for which higher contents were detected
in the leaf than in the flower oils. This detail reflected the
similarity of these two species.
It may be useful to distinguish the metabolites derived
from the (E,E)-farnesyl skeleton from those with a (E,Z)-
farnesyl skeleton. It has to be pointed out that the
metabolites of the first type were predominant, with the
latter ones being almost absent in the oils, with the
exception of samples prt, prc, and pam. The oils of samples
pas and pam contained almost exclusively SO derived from
(E,Z)-farnesyl.
The first thorough survey of the Sicilian populations of
Helichrysum has been carried out by Gussone [10]. The
present study confirmed his classification of the investi-
gated populations in three main clusters (Table 1), refer-
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Fig. 1. Biplot obtained by principal component analysis of the composition (contents of the compound classes) of the hydrodistilled oils from flowers
and leaves of the ten Sicilian Helichrysum taxa investigated. For the abbreviations of the compound classes (M, MO, S, SO, CC, FA, and O), cf.
Table 2 ; the sample codes are composed of the species code (cf. Table 1) and the investigated plant part (F, flowers; L, leaves) and given with the
entries of Table 1 in parentheses (1 – 10).
Fig. 2. Loading graph of the variables obtained by principal component
analysis of the composition (contents of the compound classes) of the
hydrodistilled oils from flowers and leaves of the ten Sicilian Helichry-
sum taxa investigated. For the abbreviations of the compound classes
(M, MO, S, SO, CC, H, FA, and O), cf. Table 2
Fig. 3. Biplot obtained by principal component analysis of the compo-
sition (contents of the compound classes) of the hydrodistilled oils from
the flowers of the ten Sicilian Helichrysum taxa investigated. For the
abbreviations of the compound classes (M, MO, S, SO, and H), cf.
Table 2 ; the sample codes are composed of the species code (cf. Table 1)
and the investigated plant part (F, flowers) and given with the entries of
Table 1 in parentheses (1 – 10).
ring to the aggregates of H. stoechas, H. rupestre, and&H.
lineatum&, all belonging to the section Stoechadina (DC.)
Gren. & Godr.
In the Mediterranean Region, the genus Helichrysum
displays a fragmentary distribution, with many isolated
schizoendemites [11] originating from the fragmentation of
an original, broader range. An interesting result of the
present chemical investigation was the autonomy of the
Aeolian H. litoreum from the other two Sicilian represen-
tatives of the&H. italicum& aggr., which could be related
to the Tyrrhenian origin of the Aeolian population. This
hypothesis, despite the considerable distance of the nearest
populations, is supported by other examples, like the aggr.
of Genista ephedroides, distributed in the Aeolian Islands,
Sardinia, Cilento, and Pontine Islands [12] or the aggr. of
Kochia saxicola, recorded only in Capri, Cape Palinuro,
and Strombolicchio [13]. As a consequence, while in other
parts of Italy the distinction between H. litoreum and H.
italicum can be difficult [5], this does not happen in Sicily,
where the two species are clearly distinguishable for their
morphological and geographical traits.
Another interesting result is the relative affinity
between H. litoreum and H. hyblaeum. This latter species,
for its rather ambiguous morphological traits, has been
ascribed by some authors to the aggr. of H. rupestre [1].
According to our results, it belongs instead to the aggr. of
H. italicum. It is hoped that future phylogenetic studies will
evaluate, on the basis of molecular markers, the genetic
distance and divergence times between the populations at
issue, whose phylogeographic history could be related to
that of Anthemis pignattiorum, a species of the section
Hiortia recently discovered in Southeast Sicily, having its
closest relatives in Northwest Sicily [14].
A third interesting result is the relative autonomy of the
population of Cape Zafferano (pal) within the group of H.
panormitanum. Although no analyses were performed on
other populations distributed along the coast between
Termini Imerese and Monte Catalfano, it is likely that the
peripheral areas of the Carbonate Panormid Platform
represent an effective phytogeographical barrier, isolating
the populations found in the Imerese domain, and that the
few stands immediately to the east of this caesura (like
those of San Martino and Monte Gallo) have a relatively
recent, apophytic origin. A similar situation has been
highlighted by studying the distribution of endemic plants
along other major geo-petrographic and structural divi-
sions of Sicily [15].
Proposal and Conclusions. – The present study con-
firmed that the analysis of secondary metabolites can be
used to fingerprint wild populations of Helichrysum [16].
Such analysis, together with phylogenetic and phylogeo-
graphic studies based on molecular markers, represent a
useful complement in taxonomic research and could help to
understand the origin and diversification of the genus
Helichrysum. Indeed, the present results support the new
taxonomic arrangement of the two taxa Helichrysum
preslianum subsp. compactum and Helichrysum panormi-
tanum subsp. latifolium.
Helichrysum preslianum C.Brullo & Brullo subsp.
compactum (Guss.) comb. et stat. nov. hoc loco.
Basionym: Helichrysum caespitosum Presl. var. com-
pactum Guss., Fl. Sicul. Syn., 2(1): 468, 1844.
Lectotype: Helichrysum caespitosum b. compactum
Guss. syn. 2 p. 468. Junio, Julio. In collibus aridis, asperis
calcareis.¼Gnaphalium siculum var. corymbo compacto.
Nei luoghi calcarei presso Mazara. Maggio, Mazara [In the
limestone places near Mazara. May, Mazara]. (NAP-
GUSS), here designated.
Diagnosis: [a typo differt] corymbis compactis major-
ibus, anthodii foliolis plerumque spadiceis [Gussone, Florae
Siculae Syn. 2 (1): 468].
Notes: The population of Cape Granitola was described
by H. Gussone as H. caespitosum var. compactum. Based
on the results of our biochemical analysis, a rather close
relationship was demonstrated between the populations of
Cape Granitola and those of Casaboli (Mounts of Paler-
mo): we therefore suggest to attribute to H. preslianum,
with the rank of subspecies, the epithet proposed by
Gussone.
Helichrysum panormitanum Tineo ex Guss. subsp.
latifolium (Guss.) comb. nov. hoc loco.
Basionym: Helichrysum panormitanum var. latifolium
Guss., Fl. Sicul. Syn. 2: 467, 1844.
Lectotype: Helichrysum panormitanumTineo b. latifo-
lium Guss. [scripsit] Grande, 1916; Maggio, Bagheria a
Capo Zafferano [manu Gussone] (NAP-GUSS), designat-
ed by Galbany-Casals et al. in Taxon, 55: 489 [17].
Diagnosis: [a typo differt] foliis lineari-lanceolatis (1 – 2
lin. latis, 1 1/2 poll. longis), corymbis laxisculis majoribus
[(Gussone, Florae Siculae Syn. 2 (1): 467].
Notes: In the most recent taxonomical contributions
[1] [4] [8] [17] [18], all the Sicilian populations formerly
ascribed to H. rupestre (Rafin.) DC. are ascribed to H.
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Fig. 4. Biplot obtained by principal component analysis of the compo-
sition (contents of the compound classes) of the hydrodistilled oils from
the leaves of the ten Sicilian Helichrysum taxa investigated. For the
abbreviations of the compound classes (M, MO, S, SO, and H), cf.
Table 2 ; the sample codes are composed of the species code (cf. Table 1)
and the investigated plant part (L, leaves) and given with the entries of
Table 1 in parentheses (1 – 10).
panormitanum Tineo ex Guss., within which Gussone
himself recognized two varieties: a-angustifolium and b-
latifolium. The latter variety, for its distinctive morpho-
logical and biochemical traits, is here promoted at the rank
of subspecies.
A further, challenging, research theme that could offer
an evolutionary interpretation of the remarkable differ-
ences in the accumulation of secondary metabolites
evidenced in the present study, along with the already
tested inter-population variability within the genus [19],
should focus on the DNA methylation and check for
epigenetic differentiation of the Sicilian populations. These
processes could play an important role in the on-going
evolutionary processes, particularly in the most isolated
populations, which adapted themselves to the severe
environmental conditions of coastal cliffs and high-moun-
tain ecosystems.
Experimental Part
Plant Material. All the investigated specimens were collected in
May 2013, at the blooming stage, from the Helichrysum populations
found in the loci classici of the nomenclatural types of Sicilian taxa.
From each population, one single sprig with leaves and floral stem was
collected from 20 individuals and codified with the name of the locus
classicus followed by an ordinal number. The nomenclatural combina-
tion for each considered population was according to Giardina et al.
[3], with subsequent updates byAghababyan et al. [4] [5] and by Brullo
and Brullo [6 – 8]. The following voucher specimens have been
deposited: Helichrysum preslianum typicum, PAL-101660; Helichry-
sum preslianum subsp. compactum, PAL-101661; Helichrysum panor-
mitanum typicum, PAL-101662; Helichrysum panormitanum subsp.
stramineum, PAL-101663; Helichrysum panormitanum subsp. messer-
iae, PAL-101664: Helichrysum panormitanum subsp. latifolium, PAL-
101665; Helichrysum nebrodense, PAL-101666; Helichrysum litoreum,
PAL-101667; Helichrysum hyblaeum, PAL-101668; Helichrysum itali-
cum subsp. siculum, PAL-101669.
Isolation of the Essential Oils. The aerial parts, collected at full
bloom in September 2013, were ground in a Waring blender and then
subjected to hydrodistillation for 3 h using n-hexane as solvent and
according to the standard procedure previously described [20]. The
extracts were dried (anh. Na2SO4) and stored in sealed vials under N2
and at  208, ready for the GC-FID and GC/MS analyses. The samples
yielded 0.003 – 0.442% (w/w) of yellow oil with a pleasant smell
(Table 1).
GCAnalysis. The GC-FID analyses were carried out with a Perkin-
Elmer Sigma 115 gas chromatograph equipped with a HP-5ms cap.
column (30 m 0.25 mm i.d., film thickness 0.25 mm), a HP Innowax
fused-silica polyethylenglycol cap. column (50 m 0.20 mm i.d., film
thickness 0.25 mm), a split/splitless injector heated at 2508, and a flame
ionization detector (FID) heated at 2808. The column temp. was
initially kept at 408 for 5 min, then gradually increased to 2508 at 28/
min, held for 15 min at 2508, and finally raised to 2708 at 108/min;
carrier gas, He (1 ml/min). Aliquots of 1 ml of diluted samples (1 :100
(v/v) in n-hexane) were injected manually in the splitless mode. The
relative contents of the components were calculated based on the GC
peak areas without using correction factors.
GC/MS Analysis. The GC/MS analyses were performed with an
Agilent 6850 Ser. II apparatus equipped with aHP-5ms fused-silica cap.
column (30 m 0.25 mm i.d., film thickness 0.33 mm) and coupled to an
Agilent MSD 5973 mass-selective detector; ionization voltage 70 eV;
electron multiplier energy 2000 V; transfer-line temp., 2958 ; mass
range, 35 – 450 amu. The GC conditions were the same as those
described above for the GC-FID analyses. The GC/MS analyses were
performed at the Pharmacy Department, University of Naples
Federico II.
Identification of Components.Most constituents were identified by
GC-FID based on the comparison of their retention indices (RIs),
determined rel. to the retention times (tR) of a homologous series of n-
alkanes (C8 –C31) under the same operating conditions, with either
those reported in the literature [20] [21] or those of authentic
compounds available in our laboratories. Further identification was
made by comparison of their mass spectra on both columns with those
listed in the NIST 02 and Wiley 275 commercial libraries or a home-
made mass-spectral library or with those published in the literature
[19] [22].
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